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IntroductionIntroduction

BackgroundBackground
Degree in Physics from Manchester University in Degree in Physics from Manchester University in 
19821982
Options in Electronics & ComputingOptions in Electronics & Computing
Options in Aerodynamics and Flight MechanicsOptions in Aerodynamics and Flight Mechanics
Pilot with +/Pilot with +/-- 900 hours flying experience900 hours flying experience

IndustryIndustry
15 years software engineering experience15 years software engineering experience
Founded Mountside Software Engineering in 1989Founded Mountside Software Engineering in 1989
Focused on Business Development from 1995Focused on Business Development from 1995
Size: 55 people, Turnover Size: 55 people, Turnover €€3.5 million3.5 million
Sold Mountside 2001Sold Mountside 2001
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The Success of EngineeringThe Success of Engineering

Society takes the results of engineering for grantedSociety takes the results of engineering for granted
Aircraft fly with astonishingly good safety recordsAircraft fly with astonishingly good safety records
Buildings & Bridges stand silently under all circumstancesBuildings & Bridges stand silently under all circumstances
Ships cross seas like clockworkShips cross seas like clockwork
Power grids flawlessly deliver energy to our homesPower grids flawlessly deliver energy to our homes

We live in an amazing worldWe live in an amazing world

When something does go wrong, it makes world news:When something does go wrong, it makes world news:
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Charles de Gaul AirportCharles de Gaul Airport

“The structure stood for a year and then spontaneously 
fell down without anything apparently changing. It's very 
odd”

“Buildings like that do not just collapse”, leading 
structural engineer Professor Chris Wise told BBC News 
Online. 

"Something very unusual has happened," he said. 

So could a mistake have slipped through? 

“There are lots of checks and balances in a project like 
this”, Professor Wise said. "If you make a mistake with 
the design there's almost no chance of your design 
getting built. Somebody along the way would find it." 
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UnpredictabilityUnpredictability

Society does not tolerate engineering failuresSociety does not tolerate engineering failures

Engineering does not tolerate unpredictabilityEngineering does not tolerate unpredictability

Consider the world of Aeronautical EngineeringConsider the world of Aeronautical Engineering
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Airbus A380Airbus A380
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A380 EconomicsA380 Economics

Cost of an A380 +/Cost of an A380 +/-- $240 Million$240 Million

Airbus need to sell +/Airbus need to sell +/-- 300 to break even300 to break even
$72 billion to break even$72 billion to break even

Development started in 1999Development started in 1999

First deliveries scheduled for 2006First deliveries scheduled for 2006

Currently have orders for 139Currently have orders for 139

How did they manage to sell 139 airplanes of a type How did they manage to sell 139 airplanes of a type 
that has never flown?that has never flown?



V e r u m  S o f t w a r e  D e s i g n  C o n s u l t a n t s

C o p y r i g h t  V e r u m  C o n s u l t a n t s  B V 1 0

Copyright (c) 2004 Verum Consultants BVCopyright (c) 2004 Verum Consultants BV

Advanced KnowledgeAdvanced Knowledge
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Testing the A380Testing the A380

What Airbus say:What Airbus say:
““MSN01MSN01’’s first series of tests is known as the s first series of tests is known as the ‘‘initial exploration of initial exploration of 
aero configurationaero configuration’’ and will and will analyseanalyse how the aircraft behaves in how the aircraft behaves in 
relation to the basic rules of flight and handling. Using relation to the basic rules of flight and handling. Using 
sophisticated analysis tools, data produced from the first periosophisticated analysis tools, data produced from the first period is d is 
thoroughly explored and thoroughly explored and analysedanalysed both in realboth in real--time and posttime and post--
flight.flight.””

What they donWhat they don’’t say:t say:
The first series of tests is about finding out whether the aircrThe first series of tests is about finding out whether the aircraft aft 
will even leave the ground.will even leave the ground.
The first series of tests is about finding out whether the wingsThe first series of tests is about finding out whether the wings or or 
engines will rip off under full thrust.engines will rip off under full thrust.
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The Purpose of TestingThe Purpose of Testing

Testing is Testing is notnot about finding out whether aircraft will fly.about finding out whether aircraft will fly.
It is tradition for BoeingIt is tradition for Boeing’’s design team to always sit s design team to always sit 
in on the inaugural flight of a new aircraft typein on the inaugural flight of a new aircraft type

Testing is not about removing Requirements, Testing is not about removing Requirements, 
Architecture or Major Design DefectsArchitecture or Major Design Defects

It would be economic death for the A380 if it wereIt would be economic death for the A380 if it were

Testing is largely about confirming what they already Testing is largely about confirming what they already 
know. know. 

Confirming what they know is all about PredictabilityConfirming what they know is all about Predictability
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Why do Aircraft Fly?Why do Aircraft Fly?

Because, apart from everything else, Aircraft Designers Because, apart from everything else, Aircraft Designers 
and Aeronautical Engineers make routine, systematic and Aeronautical Engineers make routine, systematic 
use of mathematics to describe and control the use of mathematics to describe and control the 
complexity of their product.complexity of their product.

Aircraft Designers and Aeronautical Engineers are Aircraft Designers and Aeronautical Engineers are 
taught to make use of mathematics to describe taught to make use of mathematics to describe 
complexity from the moment they enter higher complexity from the moment they enter higher 
education.education.

The Aeronautical Engineering world makes use of the The Aeronautical Engineering world makes use of the 
conventions, tools and mathematical techniques conventions, tools and mathematical techniques 
developed by Universities and taught to their studentsdeveloped by Universities and taught to their students
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Circuit EngineeringCircuit Engineering11

Born in 1938 as a result of a paper by Claude ShannonBorn in 1938 as a result of a paper by Claude Shannon

Recognized that a circuit is a rule for a functionRecognized that a circuit is a rule for a function
Boolean FunctionBoolean Function

Hardware was expensiveHardware was expensive
Repairs cost both money and timeRepairs cost both money and time

Talented Mathematicians & Engineers fully exploited Talented Mathematicians & Engineers fully exploited 
Boolean Algebra to prevent defects.Boolean Algebra to prevent defects.

Theorems showed it possible to build any function from Theorems showed it possible to build any function from 
NAND gatesNAND gates

Highly economical approachHighly economical approach

1Based on the paper “A Tale of Three Disciplines… and a Revolution” by Jesse H. Poore
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Circuit Engineering HistoryCircuit Engineering History

Mathematicians produced normal forms for functions Mathematicians produced normal forms for functions 
using specific operatorsusing specific operators
Notation lead to exact correspondence between Notation lead to exact correspondence between 
diagrams and circuitsdiagrams and circuits
Engineers designed larger units mathematically & Engineers designed larger units mathematically & 
constructed them physicallyconstructed them physically
Units evolved into components and reuse was born.Units evolved into components and reuse was born.

Based on exact functional descriptions of the unitBased on exact functional descriptions of the unit
Streamlined innovation, based on catalogs of Streamlined innovation, based on catalogs of 
componentscomponents

By 1980By 1980’’s complexity had increased state space s complexity had increased state space 
enormously, yet could be treated explicitlyenormously, yet could be treated explicitly

1Based on the paper “A Tale of Three Disciplines… and a Revolution” by Jesse H. Poore
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Circuit Engineering TodayCircuit Engineering Today

Adheres to a description of components assembled Adheres to a description of components assembled 
according to the mathematics of functional compositionaccording to the mathematics of functional composition

Is still mostly a matter of forward design using Is still mostly a matter of forward design using 
established components and leaving a documented established components and leaving a documented 
design trail.design trail.

The complexity of circuit engineering matches or The complexity of circuit engineering matches or 
exceeds that of any other field.exceeds that of any other field.

1Based on the paper “A Tale of Three Disciplines… and a Revolution” by Jesse H. Poore
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ConclusionConclusion

In the field of Engineering most closely related to In the field of Engineering most closely related to 
Software EngineeringSoftware Engineering
Mathematics has grown up handMathematics has grown up hand--inin--hand with design hand with design 
and implementation from the very earliest daysand implementation from the very earliest days
As a result Circuit Engineers are able to manage the As a result Circuit Engineers are able to manage the 
complexity of sophisticated componentscomplexity of sophisticated components
They are able to design and verify the designs of these They are able to design and verify the designs of these 
componentscomponents
And the results of Circuit Engineering are highly And the results of Circuit Engineering are highly 
predictable in comparison with its complexity.predictable in comparison with its complexity.
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Studies and ReportsStudies and Reports
Software Errors cost US economy $59.5 Billion Software Errors cost US economy $59.5 Billion 
in 2002in 2002

[NIST: The Economic Impacts of [NIST: The Economic Impacts of 
Inadequate Infrastructure for Software Inadequate Infrastructure for Software 
Testing]Testing]

About 40About 40--50% of the effort on current software 50% of the effort on current software 
projects is spent on avoidable reworkprojects is spent on avoidable rework

[DACS: A Business Case for Software [DACS: A Business Case for Software 
Process Improvement Revised]Process Improvement Revised]

About 40About 40--50% of user programs enter use with 50% of user programs enter use with 
nontrivial defects.nontrivial defects.

[[CeBASECeBASE: Software Defect Reduction Top: Software Defect Reduction Top--
10 List]10 List]

15% 15% -- 25% of all software defects are delivered 25% of all software defects are delivered 
to customersto customers

[DACS][DACS]
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What Everyone Knows, and what 
they don’t
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Release Economics

Many Defects: High P(L)
Critical Defects: High S(L)

Few Defects: Low P(L)
Minor Defects: Low S(L)

Few Rivals: Low P(L)
Weak Rivals: Low S(L)

Many Rivals: High P(L)
Strong Rivals: High S(L)

Sweet Spot
$ RE =

P(L) * S(L)

Time to Ship (Amount of Testing)
Source: B. Boehm, Centre for Software Engineering, USC

Business Issue #2:
Time to Market

Business Issue #3:
Reliability
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SustainabilitySustainability

WeWe’’ve got this far. How come the situation is not ve got this far. How come the situation is not 
sustainable?sustainable?

Simply because the Economics will not allow itSimply because the Economics will not allow it
Consider UK Automotive Industry in the 70Consider UK Automotive Industry in the 70’’s and todays and today
Consider that software is becoming increasingly Business Consider that software is becoming increasingly Business 
CriticalCritical

If we donIf we don’’t find a way to reduce waste and increase the t find a way to reduce waste and increase the 
predictability of Software Engineeringpredictability of Software Engineering

Someone Else Will!Someone Else Will!



V e r u m  S o f t w a r e  D e s i g n  C o n s u l t a n t s

C o p y r i g h t  V e r u m  C o n s u l t a n t s  B V 2 4

Copyright (c) 2004 Verum Consultants BVCopyright (c) 2004 Verum Consultants BV

ConclusionsConclusions
Principle #1Principle #1

Business Critical Software must be based on Business Critical Software must be based on 
designs that are verifiably correct before designs that are verifiably correct before 
implementation implementation 

Principle #2Principle #2
Software Architects and Designers must limit Software Architects and Designers must limit 
themselves to designs that can be verifiedthemselves to designs that can be verified

Principle #1Principle #1
The new Airbus A380 must be based on designs The new Airbus A380 must be based on designs 
that are verifiably correct before implementation that are verifiably correct before implementation 

Principle #2Principle #2
Aeronautical Engineers must limit themselves to Aeronautical Engineers must limit themselves to 
designs that can be verifieddesigns that can be verified
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Issue: PredictabilityIssue: Predictability

How much will it cost ?How much will it cost ?

When will it be ready ?When will it be ready ?

How well will it work ?How well will it work ?
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Solution DomainSolution Domain
Business Critical SoftwareBusiness Critical Software

Essential component of some core product or Essential component of some core product or 
serviceservice
Software enables Competitive AdvantageSoftware enables Competitive Advantage
Software poses Business ThreatSoftware poses Business Threat
Software dictates Time to MarketSoftware dictates Time to Market
Software consumes disproportionate resourcesSoftware consumes disproportionate resources

Embedded and InEmbedded and In--Product MarketsProduct Markets
OEM, Automotive, Medical, Telecoms, Process OEM, Automotive, Medical, Telecoms, Process 
ControlControl

Systems with Complex Systems with Complex BehaviourBehaviour
Control Software, State Machine and Concurrent Control Software, State Machine and Concurrent 
ApplicationsApplications

Focus on Architecture, Design and VerificationFocus on Architecture, Design and Verification
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Bridging the GapBridging the Gap

Industrial Roots

Industry

Function Theory
Sequence based 

Specification
BSDM

Statistical Testing

Academic Roots

Academia

Process Algebra CSP 
Model Checker FDR

Informal Methods Formal Methods

Patent Pending
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Existing Process, Target ProcessExisting Process, Target Process
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Analytical Software DesignAnalytical Software Design™™

BB

CC DDIB ⊑F (B ∣| IC || ID)

AA

IB:SB*→RB

B:(SB:(SB B ∪∪ RRCC ∪∪ RRDD)*)*→→(R(RBB ∪∪ SSCC ∪∪ SSDD))

RBSB

Interface IC Interface ID

SC RC RDSD

Stop ⊑t (B ∣| IC || ID)\(∑-ω)
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Better Economics

Many Defects: High P(L)
Critical Defects: High S(L)

Few Defects: Low P(L)
Minor Defects: Low S(L)

Few Rivals: Low P(L)
Weak Rivals: Low S(L)

Many Rivals: High P(L)
Strong Rivals: High S(L)

Sweet Spot
RE =

P(L) * S(L)

Time to Ship (Amount of Testing)

Improvement #2:
Shorter Time 2 Market

Improvement #3:
Better Reliability
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Making Software FlyMaking Software Fly

Software Engineering must:Software Engineering must:
adopt methods and techniques that are routine for adopt methods and techniques that are routine for 
every other branch of engineeringevery other branch of engineering
must embrace the use of mathematics at all levels of must embrace the use of mathematics at all levels of 
education & industryeducation & industry

Specifically:Specifically:
Business Critical Software must be based on Business Critical Software must be based on 
designs that are verifiably correct before designs that are verifiably correct before 
implementation implementation 
Software Architects and Designers must limit Software Architects and Designers must limit 
themselves to designs that can be verifiedthemselves to designs that can be verified

These things are now economically possibleThese things are now economically possible


